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ABSTRACT 

This multicentre study was aimed at comparably assessing benefits and burdens 

gained by home mechanical ventilation (HMV). 

Hospitalisation, side effects and health-related quality of life (HRQL) were assessed 

one month and one year following HMV establishment using the MOS 36-Item Short-

Form Health Status Survey (SF-36, general HRQL) and the Severe Respiratory 

Insufficiency (SRI) Questionnaire (condition-specific HRQL).  

Eighty-five (27 COPD, 29 restrictive thoracic, 17 neuromuscular, 9 obesity 

hypoventilation syndrome, 3 miscellaneous) out of 135 eligible patients completed 

the study. Mean SRI-Summary Scale (range 0-100) improved significantly and 

comparatively in all 85 patients from 49±15 at baseline to 61±15 at one month and to 

61±16 at one year, but improvements of subscale scores differed amongst 

subgroups. SF-36 scores also improved, but the SRI was superior in detecting HRQL 

changes. Facial soreness and dry throat were the most commonly reported side 

effects. Patients spent a mean of 12±6 days in hospital at baseline and 3±3 days at 

each follow-up visit. Only four patients required unplanned hospitalisation. 

Overall general and condition-specific HRQL aspects improve following HMV 

establishment independently from the underlying disease, which, however, has an 

impact on changes within specific HRQL domains. The need for hospitalization is 

low, once HMV is carefully established.   

 

KEYWORDS 

Chronic respiratory failure, home mechanical ventilation, hospitalisation, noninvasive 

ventilation, health-related quality of life, side effects.  
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INTRODUCTION 

Non-invasive positive pressure ventilation (NPPV) has been increasingly used to 

treat chronic alveolar hypoventilation (CAH) that arises from various underlying 

disorders, such as restrictive thoracic disorders (RTD), neuromuscular disorders 

(NMD), obesity hypoventilation syndrome (OHS) and chronic obstructive pulmonary 

disease (COPD) [1,2]. Healing is not possible in the vast majority of CAH patients 

who receive life-long NPPV as means of home mechanical ventilation (HMV). These 

patients usually suffer from end-stage disease with objectively severe limitations in 

daily life. Therefore, the assessment of subjectively reported health-related quality of 

life (HRQL) is extremely important in these severely sick patients.  

Questionnaires are the most common form of assessment of HRQL in clinical trials. 

Disease-specific or condition-specific questionnaires are postulated to be more 

sensitive to changes than general questionnaires and, therefore, to be most 

appropriate for clinical trials in which specific therapeutic interventions are being 

evaluated [3]. There is, however, still uncertainty about how HMV influences HRQL in 

patients with CAH. Recently, we have developed the Severe Respiratory 

Insufficiency Questionnaire (SRI) which has been specifically designed to measure 

HRQL in patients receiving HMV [4]. This questionnaire has been shown to have high 

psychometric properties [4] and is capable of detecting changes in HRQL following 

establishment of HMV in various disorders [5,6]. Thus, the SRI seems to be an 

appropriate instrument for clinical trials aiming at HRQL assessment in patients with 

different aetiologies of CAH being established on HMV. 

There is increasing evidence that overall HRQL is strongly influenced by the 

underlying disease in patients already receiving HMV, with the best HRQL being 

reported in kyphoscoliosis patients and the worst in COPD [4,7,8]. Although 

controlled studies in patients with RTD and NMD do not exist, HRQL is believed to 
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substantially increase in these patients whilst HMV is being instituted [7,9]. In 

contrast, longitudinal studies have recorded only minor and inconsistent HRQL 

improvements following HMV in COPD patients [10-14]. Thus, it is suggested that the 

benefits of HRQL gained by HMV differ between various underlying disorders. 

However, this has never been addressed in a quantitative fashion.  

The present multicentre study was aimed at testing the hypothesis that both general 

and condition-specific aspects of HRQL improve following the institution of HMV. In 

addition, it was hypothesised that improvements would differ according to the 

underlying disorder. Finally, the burden caused by HMV with regard to hospitalisation 

and side effects was also assessed.   

 

 

METHODS 

The study protocol was approved by the institutional review board for human studies 

at the Albert-Ludwig University, Freiburg, Germany, and by local ethical committees 

of all participating institutions, and was performed in accordance with the ethical 

standards laid down in the Declaration of Helsinki, 2000. Informed, written consent 

was obtained from all subjects.  

 

Patients and study design 

COPD was diagnosed according to international guidelines [15]. Only NPPV-naive 

and stable CAH patients who were hospitalised for elective HMV establishment on a 

ward specialized for NPPV were consecutively enrolled. Inclusion criteria were 

adopted from international guidelines [16]. Accordingly, all included patients had 

symptoms of CAH such as fatigue, dyspnea, and morning headache [16] in addition 

to physiologic criteria established by guidelines [16]. Patients with acute respiratory 
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failure (pH <7.35 and/or two of the following criteria: increasing cough, purulent 

sputum, elevated leukocytes or C-reactive protein >5mg/dl; pulmonary infiltrates on 

chest X-ray, need for antibiotic treatment), those who received invasive ventilation via 

tracheostoma, those who were transferred for weaning from invasive ventilation or 

who were intubated during the last three preceding months and those who were on 

any other ventilatory support prior to the study, including continuous positive airway 

pressure, were excluded from the study. Finally, patients who underwent any 

changes in medication at the hospital visit where HMV was established were also 

excluded.  

Assessments were performed prior to HMV establishment in hospital (T0), with 

follow-up checks occurring during short hospitalisation periods, one month (T1) and 

twelve months (T12) after the establishment of HMV. No planned control visits were 

performed between T1 and T12. Duration of hospital stay was assessed for planned 

hospitalisation at T0, T1 and 12, but also for unplanned hospitalisations.  

Patients received assist/control NPPV aimed at maximally decreasing PaCO2 with 

best tolerance as possible [5,17,18]. Briefly, NPPV was titrated to achieve passive 

ventilation by gradually increasing ventilator settings until normocapnia has been 

achieved or until a further increase of settings was not tolerated by the patient. Care 

was taken to achieve best patients’ comfort. Humidification was used if necessary. In 

addition, factory made nasal masks were used, but patients were switched to factory 

made nasal-mouth masks in case of major leakage or insufficient ventilation. Finally, 

individually built masks were used for minimizing leakage and for reducing pressure 

sores when using factory made masks. Compliance to HMV was assessed via 

interviews with the patients and by the ventilator counter reading in all patients. Non-

compliance was defined as stopping HMV due to non-willingness to continue. In 
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addition, side effects caused by NPPV were recorded by the physician at T1 and T12 

with the patient responding “yes” or “no”. HRQL was assessed at T0, T1, and T12.  

Measurements of daytime blood gases taken at rest from the arterialized earlobe 

were performed in addition to measurements of lung function [19] and mouth 

occlusion pressures at T0, T1 and T12. For maximal inspiratory mouth pressure 

(PImax) the peak pressure was obtained as previously described [20]. While on 

NPPV further blood gas measurements were performed during the night at T0, T1 

and T12 to optimise NPPV treatment (data not reported). 

The MOS 36-Item Short-Form Health Status Survey (SF-36) with eight subscales and 

two summary measures (Physical Component Summary = PCS; Mental Component 

Summary = MCS) was used for the assessment of general health [21,22]. In addition, 

the Severe Respiratory Insufficiency (SRI) Questionnaire was administered for the 

assessment of specific aspects of HRQL [4]. Here, one summary scale can be built 

out of seven subscales. Self administration was performed for HRQL assessment at 

T0, T1 and T12. Both questionnaires are suitable for HRQL assessment in patients 

receiving HMV and have been shown to be capable of discriminating between 

different diagnostic groups [4,8].  

 

Statistical analysis 

Statistical calculation was performed using SPSS 13.0 for Windows and STATISTICA 

5.1. Mean values ± standard deviations are given. Pearson product moment 

correlation was used for correlation analysis. A multivariate analysis of variance 

(MANOVA) was used to test time effects combined with group effects (e. g. 

diagnosis) on the dependent variables (e. g. HRQL data, physiological parameters). 

For HRQL the three summary scales were used: SRI-Summary Scale, SF-36-PCS 

and SF-36-MCS. Post hoc tests (t-test) were performed if overall effects in MANOVA 
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were <0.05. Group effects were restricted to patients with COPD, RTD and NMD due 

to the low case number of patients with different underlying disorders. Power analysis 

(GPower 3.0.8) was performed to establish effect size for subgroup analysis.  

MANOVA was also used to compare patients who completed the study and those 

who dropped out. In addition, the SRI and SF-36 scales were compared (MANOVA) 

with regard to the ability of detecting changes in HRQL. Here, calculation was 

performed after standardisation of z-values assuming different mean score values of 

the scales of the different questionnaires. A p-value of <0.05 was considered 

statistically significant.  

 

 

RESULTS 

Patients 

A total of 137 patients receiving HMV from nine centres specialised in NPPV were 

recruited (Figure 1.): Ev. Krankenhaus Göttingen-Weende e.V. Lenglern (N=31), 

Asklepios Fachkliniken München-Gauting (N=23), Krankenhaus Großhansdorf 

(N=22), Universitätsklinik Freiburg (N=21), Krankenhaus Donaustauf (N=10), 

Universitätsklinik Magdeburg (N=10), Fachkrankenhaus Kloster 

Grafschaft/Schmallenberg (N=8), Lungenfachklinik Heckeshorn/Berlin (N=6), 

Städtisches Krankenhaus Martha – Maria Halle-Dölan (N=6). Two patients had 

exclusion criteria and 135 patients were included (Figure 1). All patients were stable 

at enrolment (mean pH 7.40±0.04). Mean age was comparable in patients who 

completed the study and those who did not: 61±11 vs. 62±9 (COPD), 63±13 vs. 

61±14 (RTD), 53±15 vs. 64±14 (NMD), 59±6 vs. 53±14 (OHS) years, respectively. 

The same was true for BMI: 28±9 vs. 29±8 (COPD), 27±6 vs. 26± 5 (RTD), 26±8 vs. 
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24±3 (NMD), 40±7 vs. 42±1 (OHS) kg/m2, respectively. The following results refer to 

the 85 patients who completed the study if not otherwise indicated.  

 

NPPV 

Sixty-five patients (76.5%) received pressure-limited NPPV (Table 1) and 20 patients 

(23.5%) received volume-limited NPPV. Passive humidification was applied in 50 

patients (59%) using a heat and moisture exchanger, and active humidification was 

applied in 6 patients (7%) using a humidifier. Thirty-one patients (36.5%) received 

supplemental oxygen in addition to NPPV. Interfaces were used as follows: factory 

made nasal masks (N=33, 39%), factory made nasal-mouth masks (N=9, 11%), 

individually built nasal masks (N=42, 49%), individually built nasal-mouth masks 

(N=1, 1%).  

At T1, patients claimed to use the ventilator 7.2±2.1 hours per day, and the counter 

indicated 6.5±2.1 hours of HMV per day (r=0.82, p<0.001). Accordingly, 8.0±2.4 

(patient) and 7.3±2.7 (counter) hours of HMV were indicated at T12 (r=0.86, 

p<0.001). Ventilator settings only slightly and non-significantly changed during the 

study period with the exception of an increase of the inspiratory positive airway 

pressure in RTD and NMD patients: 20.5±3.8 (T0) to 21.5±4.0 (T12) and 19.3±4.0 

(T0) to 21.2±4.6 (T12), p<0.05 and p<0.001, respectively.  

 

Physiological parameters  

Physiological parameters at baseline were not different in patients who completed the 

study and compared to those who did not. For example, mean FEV1 was 34±14 vs. 

31±15 (COPD), 39±14 vs. 32±11 (RTD), 49±23 vs. 48±17 (NMD), % predicted, 

respectively; mean TLC was 105±30 vs. 112±22 (COPD), 61±17 vs. 61±17 (RTD), 

75±24 vs. 75±11 (NMD), % predicted, respectively; mean PaCO2 was 58.6±9.3 vs. 
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58.7±7.0 (COPD), 51.5 ±8.4 vs. 54.6±3.8 (RTD), 52.4±10.4 vs. 49.2±14.0 (NMD), 

mmHg, respectively; mean PImax was 4.2±1.4 vs. 5.4±2.5 (COPD), 3.7±1.6 vs. 

3.6±0.3 (RTD), 3.7±1.8 vs. 3.2±1.2 (NMD), kPa, respectively; OHS with missing data. 

Baseline data are shown in Table 1. There were slight but significant increases in 

lung function parameters at T12 in COPD and RTD patients, but not in NMD and 

OHS. FEV1: 34±14 to 41±23 %predicted (p<0.01, COPD) and 39±14 to 45±15 

%predicted (p<0.01, RTD), respectively; FVC: 50±19 to 63±24 %predicted (p<0.001, 

COPD) and 39±16 to 48±14 %predicted (p<0.01, RTD), respectively; TLC: 105±30 to 

114±27 %predicted (p<0.01, COPD), but not significant in RTD. FEV1/FVC did not 

significantly change. PImax increased in COPD (RTD) patients from 4.2 ± 1.4 (3.7 ± 

1.6) to 4.9 ± 2.3 (4.6 ± 2.0) kPa after one year of treatment (p<0.05 and p<0.01, 

respectively).  

 

Hospitalisation 

In order to become familiarised with NPPV it was necessary for patients to complete 

a mean stay in hospital of 12±6 days. In contrast, patients spent only 3±3 days in 

hospital for each of the routinely planned control visits. Only four patients required 

additional unplanned hospital admissions: exacerbation of COPD in two patients with 

6 and 13 days in hospital, respectively; aspiration in one ALS patient (two days in 

hospital) and mask problems in another ALS patient (four days in hospital).  

 

Health-related quality of life (HRQL) 

Both general (SF-36) and disease-specific (SRI) aspects of HRQL improved in 

patients with CAH following the institution of HMV; here, HRQL already improved 

following one month of HMV and subsequently remained stable at this elevated level 

during the following year (Figure 2). MANOVA on HRQL summary scales x time 
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revealed significant effects for time (F=32.80, p<0.0001) and for the interaction of 

HRQL summary scales and time (F=11.56, p<0.0001). MANOVA on diagnostic 

groups x HRQL summary scales x time revealed a significant time effect (F=22.22, 

p<0.001). However, overall differences in patient groups were not significant (F=0.11, 

p=0.89) and improvements in HRQL summary measures were not dependent on the 

underlying disease (F=0.62, p=0.65). Here, power analysis with an achieved 

sensitivity (power) of 0.8 indicated that the study could detect even small differences 

with effect sizes of 0.3 with regard to a middle correlation of the HRQL measures of 

0.5.  

In contrast, changes in HRQL were disease-dependent with regard to the single 

scales of the SRI and SF-36 (Table 3 and 4). In particular, significant improvements 

in Physical Functioning were evident only in COPD and RTD patients. In contrast, 

most improvements in Attendant Symptoms and Sleep were observed in NMD and 

OHS patients, although all other patients improved as well. Importantly, 

improvements in Psychological Well-Being and Social Functioning after one year of 

HMV were highly significant in COPD, RTD and OHS patients, but were non-

significant in NMD patients. All patients also showed substantial improvements in 

Respiratory Complaints and Anxieties, although RTD and OHS patients had the 

highest increases in Anxiety scores. Social Relationships was the only SRI subscale 

in which no improvements were gained. However, this subscale already showed the 

highest scores even prior to HMV, indicating less impairment.  

The overall improvements in HRQL were different when summary scales of the SRI 

and the SF-36 were compared. Even when z-value standardisation of the scale 

scores was performed, the improvements gained by the Summary Score of the SRI 

were significantly more evident when compared to the PCS of the SF-36 (MANOVA: 

F=2.60, p=0.037). Although both summary measures of the SF-36 improved 
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significantly in the total group (N=85) of patients as pointed out above (Figure 2), this 

was not valid for the single groups of patients (Table 3). In addition, improvements of 

SF-36 subscale scores in the three different patient groups were inconsistent, with 

eight, four, and one subscale(s) showing improvements at T12 in RTD, COPD, and 

NMD patients, respectively. 

For both the summary measures of the SF-36 and the Summary Score of the SRI at 

baseline (T0), no significant differences in scores could be detected between patients 

who completed the one-year follow-up (N=85) and those who did not (N=50). In 

addition, patients who discontinued after T1 (N=37) had comparable improvements in 

the SRI Summary Score and the summary measures of the SF-36 between T0 and 

T1 compared to those who completed the study (N=85): MANOVA: F=0.38, p=0.69. 

 

Side effects of NPPV 

The most commonly reported side effects at T1 in patients who completed the study 

were facial soreness caused by the mask (33% of patients) and dry throat (37% of 

patients). However, only 25% and 26% of patients who completed the study reported 

facial soreness and dry throat at T12, respectively. Side effects of NPPV for all 

patients are shown in Table 5. A dry throat was the most frequently reported 

symptom both in COPD patients (46% and 29% at T1 and T12, respectively) and in 

NMD patients (47% and 18% at T1 and T12, respectively). In contrast, nasal 

congestion was the most common symptom in RTD patients (31% and 21% at T1 

and T12, respectively). Side effects were also not particularly present in patients who 

dropped out after T1 compared to those who completed.  
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DISCUSSION 

The major finding of the present study was that both general and condition-specific 

aspects of HRQL increased following HMV establishment. Importantly, substantial 

improvements were gained after one month following HMV establishment, and these 

improvements could be maintained for the subsequent year, during which time HMV 

was continued.  

Overall improvements were similar between COPD, RTD and NMD patients. In 

particular, COPD patients had overall HRQL benefits gained by HMV comparable to 

those with RTD and NMD. This was not predicted in advance. For patients with RTD 

and NMD there is overwhelming evidence to suggest that physiological parameters, 

sleep quality, HRQL and even survival can all be improved by HMV [1,7,9,16]. In 

contrast, only inconsistent improvements in physiological parameters and HRQL 

could be documented, and clear evidence for potential survival benefits of HMV in 

chronic hypercapnic COPD has yet not been established [7,10-14,16,23-26]. 

Therefore, this study is unique in demonstrating that both blood gases and overall 

HRQL improved comparatively in COPD patients and in those with restrictive 

diseases. One difference compared to previous studies is that NPPV was aimed at 

maximally decreasing PaCO2 by using considerably higher ventilator settings, as has 

been established previously [5,17,18]. The drop in PaCO2 was even more evident in 

COPD patients, and this was due to higher values prior to HMV in COPD. Therefore, 

it is reasonable to suggest that the use of NPPV which is targeted towards maximally 

improving alveolar ventilation has led to comparable improvements in physical 

parameters and overall HRQL in COPD patients when compared to restrictive 

patients. 

In contrast to overall improvements in HRQL, changes in single, specific domains of 

HRQL with regard to SRI subscales differed significantly depending on the underlying 
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disease. Scores of Respiratory Complaints significantly increased in all patients, but 

this led to improvements in scores of Physical Functioning and Social Functioning 

only in patients with COPD, RTD and less evident also in OHS patients, while scores 

in NMD remained stable, likely due to the handicap accompanying respiratory 

dysfunction, i.e. weakness of the limbs. On the other hand, improvements in scores 

of Attendant Symptoms and Sleep were most impressive in NMD and OHS patients, 

but improvements in scores of Psychological Well-Being were more evident in COPD 

and RTD patients. In addition, all patients showed significant improvements in scores 

of Anxiety, but RTD patients seemed to benefit the most. This clearly indicates that 

the condition responsible for the development of CAH has a major impact on 

changes of specific aspects of HRQL following HMV establishment. However, since 

scores of the subscales Respiratory Complaints and Attendant Symptoms and Sleep 

substantially improved in all patients, symptoms related to nocturnal hypoventilation 

are suggested to be improved, once HMV has been established.  

Another important finding of the present study was that the SRI was superior to the 

SF-36 in detecting changes in HRQL. Although the two summary measures of the 

SF-36 revealed significant increases in scores for the total group, this was not true for 

the single groups of patients. This is in contrast to the SRI, where the Summary 

Scale scores increased not only in the total group, but also in the single groups. In 

addition, improvements of SF-36 subscale scores were inconsistent with eight, four, 

and only one subscale(s) showing improvements following one year of HMV in RTD, 

COPD, and NMD patients, respectively. Therefore, looking solely at the SF-36 HRQL 

benefits gained by HMV appeared to be quite small in patients with NMD compared 

to other patients, particularly those with RTD. However, administration of the SRI also 

revealed substantial improvements in overall HRQL in NMD patients compared to 

other disease categories. This underlines the inalienability of disease- or condition-
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specific instruments for reliably assessing changes in HRQL in a particular group of 

patients using specific treatment modalities, as in those with CAH receiving HMV. 

The language of the original SRI is German. However, results of the Spanish version 

have recently been published [27] and additional versions in English, Dutch, French, 

Swedish and Norwegian are in preparation (personal communication) in order to 

make the SRI internationally available. 

On average twelve days in hospital were needed for patients to become familiarised 

with NPPV, and this might be related to the effort required to optimally improve blood 

gases and to optimize comfort during NPPV using high ventilator settings as 

suggested by previous investigations [13,17]. In contrast, only three days in hospital 

were necessary for control visits in patients who continued one year on HMV, and 

only four of these patients (<5%) required additional, unplanned hospitalisation 

following careful HMV establishment. Nevertheless, the duration of the initial 

hospitalisation period might be judged to be rather long despite low hospitalisation 

duration following HMV commencement, and further studies should evaluate if 

shorter periods in hospital are comparably sufficient when initiating HMV. In addition, 

comparison of hospitalisation with the preceding year was not possible in the present 

study, but previous studies showed that in COPD patients the establishment of HMV 

resulted in fewer days in hospital and fewer hospital admissions [14,28].  

The most frequently reported side effects were dry throat, facial soreness, nasal 

congestion and abdominal problems, this supports previous findings [1,29]. Although 

COPD and NMD patients most often reported a dry throat while RTD patients most 

often complained of nasal congestion, there were no clear differences between 

patient groups regarding side effects. In addition, not falling asleep and sleep 

disruption were reported by 16 and 20%, respectively, after one year of HMV. 

Although scores of the SRI subscale Attendant Symptoms and Sleep dramatically 
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improved, particularly in NMD and OHS patients, this shows that HMV could not 

completely erase subjectively-experienced impairments in sleep quality or might even 

have caused some degree of subjective discomfort during night. This is supported by 

previous sleep studies which have clearly shown that sleep quality assessed by 

polysomnography was significantly improved by HMV, but did not become completely 

normalised [6,24,30,31]. However, the link between objectively-recorded and 

subjectively-reported sleep quality needs further investigation.  

There are some limitations of the study which need to be addressed. Firstly, the 

study did not randomise additional patients to a control group. However, there was 

clear evidence for compliance to HMV, which was highly effective in improving blood 

gases, and it is unlikely that this could be achieved without HMV. Thus, HRQL 

benefits are likely to be mainly attributable to HMV. In addition, blinding of patients 

and implementation of sham ventilation for a period of one year are extremely difficult 

to achieve. Moreover, controlled studies would raise ethical concerns, at least in 

patients with RTD and NMD, given the overwhelming evidence that HMV is indeed 

beneficial for these patients. Nevertheless controlled studies in COPD patients are 

clearly needed to overcome the weaknesses of the uncontrolled study design.   

Secondly, it might also be argued that there is selection bias. However, patients were 

consecutively enrolled, and this could explain the relatively high drop-out rate. In 

addition, patients who dropped out and those who completed had comparable 

demographics, physiological parameters and HRQL prior to MHV and also 

comparable HRQL improvements after one month of HMV. Therefore, a clear 

selection bias seems unlikely. In addition, a large number of statistical tests have 

been executed and false positive results cannot be excluded with certainty.  

Thirdly, this study aimed to provide subgroup analysis, but subgroups remained 

somewhat heterogeneous, and this was particularly true for patients with NMD. 
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Therefore, the results provided for this group might not be easily transferred to each 

specific type of NMD, and further studies are needed to comparatively assess HMV-

induced changes in HRQL in different, well-defined groups of NMD patients, 

particularly in ALS patients.  In addition, the number of patients forming the OHS 

group was too small to be included in the MANOVA. Changes of HRQL could 

therefore not be compared to those with other underlying diseases. Finally, it requires 

further investigation if HRQL benefits are most evident in most advanced disease and 

whether patients with mild forms of CAH do benefit at all.  

In conclusion, this study has demonstrated that HMV - when carefully established in 

hospital and aimed at maximally improving blood gases - seems to be capable of 

substantially improving general and condition-specific aspects of HRQL in patients 

suffering from CAH with side effects being comparable to those reported in previous 

studies. Once HMV is carefully established in hospital, the need for further 

hospitalisation is low. Overall improvements in HRQL are comparable in patients with 

COPD, restrictive thoracic and neuromuscular disorders. In contrast, HRQL changes 

differ significantly between diagnostic groups in several specific domains of HRQL, 

indicating the impact of the underlying disease on HRQL changes. The SRI, which 

specifically targets the sphere of patients who are dependent on HMV, was superior 

in detecting changes in HRQL when compared to the general instrument SF-36. This 

highlights the inalienability of disease- or condition-specific instruments for reliably 

assessing changes in HRQL in patients receiving HMV.  
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TABLES 

Table 1. Demographics, lung function parameters, mouth occlusion pressures and 

ventilator settings at the time of establishment of home mechanical ventilation (T0) in 

patients who completed the study. Mean ± SD values are given.  

 COPD RTD* NMD§ OHS 

Number (n) 27 29 17 9 

Female (%) 26 66 29 23 

Age (years) 61 ± 11 63 ± 13 53 ± 15 59 ± 6 

BMI (kg/m2) 28 ± 9 27 ± 6 26 ± 8 40 ± 7 

FEV1 (%predicted) 34 ± 14 39 ± 14 49 ± 23 57 ± 19 

FVC (%predicted) 50 ± 19 39 ± 16 46 ± 20 50 ± 11 

FEV1/FVC (%) 50 ± 14 83 ± 9 83 ± 13 79 ± 15 

TLC (%predicted) 105 ± 30 61 ± 17 75 ± 24 79 ± 23 

P0.1 (kPa) 0.41 ± 0.17 0.51 ± 0.26 0.25 ± 0.14 0.41 ± 0.05 

PImax (kPa) 4.2 ± 1.4 3.7 ± 1.6 3.7 ± 1.8 5.6 ± 2.7 

IPAP (cmH2O) 25 ± 6 20 ± 4 19 ± 4 23 ± 3 

EPAP (cmH2O) 1 ± 2 3 ± 2 1 ± 2 1 ± 2 

RR (min-1) 18 ± 3 19 ± 4 18 ± 4 19 ± 2 

Disease categories: COPD = chronic obstructive pulmonary disease, NMD = neuromuscular disorders, OHS: 

obesity hypoventilation syndrome, RTD = restrictive thoracic diseases. Data on patients with miscellaneous 

disorders (silicosis, N=1; traumatic, N=1; unclassified, N=1) are not shown.  

*RTD: idiopathic kyphoscoliosis (N=20), post tuberculosis sequelae (N=7), ankylosing spondylitis (N=1), scoliosis 

following severe callosity (N=1).  

§NMD: amyotrophic lateral sclerosis (N=6), Duchenne muscular dystrophy (N=5), previous poliomyelitis (N=2), 

bilateral diaphragmatic paralysis (N=2), multiple sclerosis (N=1), polyneuropathy (N=1). 

Ventilator settings: IPAP = inspiratory positive airway pressure, EPAP = expiratory positive airway pressure, RR 

= respiratory rate are given for patients receiving pressure-limited NPPV: COPD (N=16), RTD (N=21), NMD 

(N=17), OHS (N=6).  
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Table 2. Blood gas analysis according to the underlying disease prior to home 

mechanical ventilation (T0), and one month (T1) and 12 months (T12) following the 

institution of home mechanical ventilation in patients who completed the study. Mean 

± SD values are given.  

  T0 T1 T12 

PaCO2 (mmHg) COPD 58.6 ± 9.3 45.9 ± 4.8*** 44.5 ± 7.2*** 

 RTD 51.5 ± 8.4 46.2 ± 4.5** 44.3 ± 4.9*** 

 NMD 

OHS 

52.4 ± 10.4 

53.5 ± 6.6 

44.0 ± 4.9*** 

41.4 ± 3.3** 

41.3 ± 7.4*** 

39.8 ± 5.0** 

PaO2 (mmHg) COPD 49.0 ± 6.0 62.0 ± 8.9*** 60.9 ± 8.7*** 

 RTD 54.8 ± 13.3 61.6 ± 10.6*** 64.5 ± 9.7*** 

 NMD 

OHS 

66.2 ± 14.3 

60.6 ± 4.9 

72.6 ±13.8* 

59.6 ± 3.9 

76.0 ± 11.2*** 

64.1 ± 7.0 

HCO3 (mmol/L) COPD 33.3 ± 4.3 28.7 ± 5.5** 27.7 ± 5.8*** 

 RTD 30.4 ± 8.7 27.7 ± 4.8* 27.8 ± 2.7 

 NMD 

OHS 

29.2 ± 4.7 

31.6 ± 3.6 

26.7 ± 2.9 

27.4 ± 2.3* 

25.6 ± 2.3* 

25.9 ± 2.9* 

Disease categories: COPD = chronic obstructive pulmonary disease, NMD = neuromuscular 

disorders, OHS = obesity hypoventilation syndrome, RTD = restrictive thoracic diseases.  

Level of significance: *p<0.05, **p<0.01, ***p<0.001 compared to baseline (T0) 
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Table 3. MOS 36-Item Short-Form Health Status Survey (SF-36) subscales and 

summary measures according to the underlying disease prior to home mechanical 

ventilation (T0), and one month (T1) and 12 months (T12) following the institution of 

home mechanical ventilation in patients who completed the study.  

  PF RP BP GH VT SF RE MH PCS MCS

T0  28 29 70 34 34 56 62 65 31 47 

T1 COPD 38* 39* 74 41 53*** 69** 72* 72 34 52 

T12  39* 34 80* 43 51*** 69** 70 68 35 50 

T0  24 7 52 35 37 64 41 56 28 45 

T1 RTD 33* 23*** 65** 49* 49** 79*** 51* 63 33 49 

T12  40*** 38*** 63* 47** 51** 83*** 58*** 66* 35 50 

T0  14 31 74 42 32 54 75 58 30 47 

T1 NMD 19 40 72 45 41 73** 86 66 30 53 

T12  8 23 77 43 41 70* 81 67 26 54 

T0  29 6 59 31 25 58 17 55 30 37 

T1 OHS 45* 39 46 42 49* 61 59* 59 34 45 

T12  50* 46* 65 51** 49* 72 50* 67* 38* 46* 

Disease categories: COPD = chronic obstructive pulmonary disease, NMD = neuromuscular 

disorders, OHS = obesity hypoventilation syndrome, RTD = restrictive thoracic diseases.  

SF-36: PF = Physical Functioning, RP = Role-Physical, BP = Bodily Pain, GH = General Health, VT = 

Vitality, SF = Social Functioning, RE = Role-Emotional, MH = Mental Health, PCS = Physical 

Component Summary, MCS = Mental Component Summary. 

All scales range from 0 to 100 with higher values indicating better health-related quality of life.  

Level of significance: *p<0.05, **p<0.01, ***p<0.001 compared to baseline (T0) 
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Table 4. Subscales and Summary Scale of the Severe Respiratory Insufficiency 

(SRI) Questionnaire according to the underlying disease prior to home mechanical 

ventilation (T0), and one month (T1) and 12 months (T12) following the institution of 

home mechanical ventilation in patients who completed the study. 

  RC PF AS SR AX WB SF SS 

T0  38 32 44 69 46 54 46 49 

T1 COPD 56*** 45*** 61*** 73 57*** 66*** 54** 61*** 

T12  56*** 49*** 61*** 70 54** 64*** 55** 60*** 

T0  48 38 49 73 47 57 53 52 

T1 RTD 60*** 51*** 61*** 76 64*** 65** 59* 62*** 

T12  63*** 51*** 60*** 73 68*** 65** 62*** 64*** 

T0  45 36 46 74 44 54 50 49 

T1 NMD 64*** 39 68*** 69 59*** 62* 58* 59*** 

T12  58*** 36 70*** 71 57*** 58 54 58*** 

T0  42 44 36 69 33 52 51 46 

T1 OHS 60* 60 60* 75 51 61 58 61* 

T12  66** 58 67* 79 63* 71** 66* 67** 

Disease categories: COPD = chronic obstructive pulmonary disease, NMD = neuromuscular 

disorders, OHS = obesity hypoventilation syndrome, RTD = restrictive thoracic diseases.  

SRI: RC = Respiratory Complaints, PF = Physical Functioning, AS = Attendant Symptoms and Sleep, 

SR = Social Relationships, AX = Anxiety, WB = Psychological Well-Being, SF = Social Functioning, 

SS = Summary Scale.   

All scales range from 0 to 100 with higher values indicating better health-related quality of life.  

Level of significance: *p<0.05, **p<0.01, ***p<0.001 compared to baseline (T0) 
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Table 5. Side effects of non-invasive positive pressure ventilation one month (T1) 

and twelve months (T12) following establishment of home mechanical ventilation in 

patients who completed the study.  

Side effect T1  

N (% of patients) 

T12  

 N (% of patients) 

Dry throat§ 30 (37 %)  21 (26 %) 

Facial soreness* 27 (33 %) 21 (25 %) 

Sleep disruption*  22 (27 %) 17 (20 %) 

Nasal congestion* 18 (22 %) (24 %) 

Abdominal distension*  18 (22 %) 11 (13 %) 

Flatulence*  16 (19 %)  14 (17 %) 

Not falling asleep*  11 (13 %) 13 (16 %) 

Eye irritation*  10 (12 %)  9 (11 %) 

Nasal bleeding*  6 (7 %)  2 (2 %) 

Abdominal pain*  5 (6 %)  4 (5 %) 

Nausea&  1 (1 %)  2 (2 %) 

Facial ulcer* 1 (1 %)  0 (0 %) 

Vomiting*  0 (0 %) 0 (0 %) 

*N = 83, §N = 82; &N = 81.  
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FIGURE LEGENDS 

Figure 1. Flow diagram of patients who completed one year of HMV and those who 

discontinued. 

Two excluded patients had acute respiratory failure.  

Underlying diseases in patients who died between T0 and T1: RTD = 1. Underlying diseases in 

patients who died between T1 and T12: ALS = 6; NMD other than ALS = 3; COPD = 3; RTD = 1. 

Median (minimum/maximum) time to death was 19 (3/46) weeks. 

Underlying diseases in patients with non-compliance between T0 and T1: ALS = 1; RTD = 1; OHS = 2. 

Underlying diseases in patients with non-compliance between T1 and T12: ALS = 1; COPD = 2, RTD 

= 1; OHS = 2. Median (minimum/maximum) time to non-compliance was 4 (1/26) weeks.  

Other reasons for dropping out between T0 and T1: 3 patients were lost for follow-up; 2 patients 

continued HMV, but refused regular control visits; 1 patient moved to another area. Other reasons for 

dropping out between T1 and T12: 6 patients were lost for follow-up; 3 patients continued HMV, but 

refused regular control visits; 1 patient moved to another area.  

ALS = amyotrophic lateral sclerosis, COPD = chronic obstructive pulmonary disease, HMV = home 

mechanical ventilation, NMD = neuromuscular disorders, RTD = restrictive thoracic diseases, OHS = 

obesity hypoventilation syndrome.  



 28

 

 

Figure 2. Summary Score of the SRI (SRI-SS), Physical Component Summary 

(PCS) of the SF-36, and Mental Component Summary (MCS) of the SF-36 in patients 

with chronic hypercapnic failure prior to home mechanical ventilation (T0), and one 

month (T1) and 12 months (T12) following the institution of home mechanical 

ventilation (N=85). 

All scales range from 0 to 100 with higher values indicating better health-related quality of life 

SF-36 = MOS 36-Item Short-Form Health Status Survey. 

SRI = Severe Respiratory Insufficiency Questionnaire. 
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